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ABSTRACT 
 
  
 
 
In order to control the eutrophication problems, the removal of phosphorus 
has been increasingly important.  The biological phosphorus removal using 
sequencing batch reactor (SBR) was investigated using simulated municipal 
wastewater.  Experiments were carried out in eight sequencing batch reactors (SBRs) 
at hydraulic retention time (HRT) of 5 d.  The experiment is operated at loading rates 
(LR) of 5.0, 4.5, 4.0, 3.5 and 3.0 mg/L.d.  The mixed cultured growth is increased 
with the increasing of LR according to the suspended solids readings.  The graph of 
the suspended solid concentration, the phosphorus removal and the chemical oxygen 
demand (COD) removal is almost same which is increasing by time and loading rate.  
The higher the loading rate, the higher the value of suspended solid, phosphorus 
removal and COD removal.  LR 5 mg/L.d shows the highest suspended solid (SS) 
concentration with average value of 846.24 mg/L.  The highest value of phosphorus 
removal is at loading rate 5.0 mg/L.d with average removal of 57.38%.  The COD 
removal is also highest at loading rate 5.0 mg/L.d with average removal of 64.33%.  
The removal efficiency was influenced by the biofilm growth according to the 
suspended solid readings. The highest SS reading give the highest removal efficiency 
for both phosphorus and COD.  According to the Design Expert plotted, the highest 
phosphorus removal can be achieved at LR 5.0 mg/L with 56.89% removal.  Same 
result in Design Expert for COD removal which give the highest removal of 61.69% 
at LR 5.0 mg/L.d.  As for the SS concentration, the Design Expert determine that the 
optimum value of SS is at LR 5.0 mg/L.d with the value of 840.92 mg/L.  
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ABSTRAK 
 
 
 
 
Bagi mengawal masalah eutrofikasi, penyingkiran fosforus telah menjadi 
perkara yg semakin penting.  Penyingkiran fosforus secara biologi menggunakan 
reactor sesekumpul berjujukan telah dilakukan menggunakan air sisa simulasi.  
Eksperimen telah dijalankan menggunakan 8 reaktor sesekumpul berjujukan dengan 
masa menahan hidraulik selama 5 hari.  Eksperimen telah dijalankan pada kadar 
beban 5.0, 4.5, 4.0, 3.5, dan 3.0 mg/L.h.  Pertumbuhan kultur campuran meningkat 
dengan peningkatan kadar beban berdasarkan bacaan pepejal terampai.  Graf 
kepekatan pepejal terampai, penyingkiran fosforus dan penyingkiran kemahuan 
oksigen kimia hampir serupa iaitu meningkat berdasarkan masa dan kadar beban.  
Lebih tinggi kadar beban, lebih tinggi nilai pepejal terampai, penyingkiran fosforus 
dan penyingkiran kemahuan oksigen kimia. Kadar beban 5.0 mg/L.h menunjukkan 
kepekatan pepejal terampai yg paling tinggi dengan nilai purata sebanyak 846.24 
mg/L.  Nilai penyingkiran fosforus yg tertinggi ialah pada kadar beban 5.0 mg/L.h 
dengan nilai purata sebanyak 57.38%.  Kadar penyingkiran kemahuan oksigen kimia 
yg tertinggi juga berada pada kadar beban 5.0 mg/L.h dengan nilai purata sebanyak 
64.33%.  Kadar keefektifan penyingkiran adalah didorong oleh pertumbuhan 
biofilem berdasarkan kepada bacaan pepejal terampai.  Nilai pepejal terampai yang 
tertinggi memberikan kadar keefektifan penyingkiran yang tertinggi kepada fosforus 
dan kemahuan oksigen kimia.  Berdasarkan hasil yg diplot menggunakan Design 
Expert, nilai penyingkiran fosforus yang tertinggi boleh dicapai pada kadar beban 5.0 
mg/L.h dengan penyingkiran sebanyak 56.89%.  keputusan yg sama di dalam Design 
Expert bagi penyingkiran kemahuan oksigen kimia yg mana memberikan nilai 
penyingkiran tertinggi sebanyak 61.69% pada kadar beban 5.0 mg/L.h.  Begitu juga 
dengan kepekatan pepejal terampai, Design Expert menentukan nilai optimum bagi 
pepejal terampai ialah pada kadar beban 5.0 mg/L.h dengan nilai sebanyak 840.92 
mg/L. 
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Background 
 
 
Water that is been used every day by humans comes from multiple sources 
such as streams, rivers and lakes.  This makes the rivers an increasingly scarce 
resource.  Water scarcity is in fact a result of excessive exploitation of water bodies 
which in turns may result in depletion of those resources.  Human tend to have clean 
water but at the same time contribute to the increased rate of pollution in water.  
Many lakes, rivers, and streams are becoming increasingly polluted by industrial and 
agricultural activities, and most frequently by domestic wastes that are being 
discharge without proper treatment.  The need of conducting a water quality 
treatment is significantly important for the evaluation of physical, chemical and 
biological nature of water in order to verify whether the observed water quality is 
suitable for the intended uses.  
 
 
One of domestic wastes that known to be toxic and carcinogenic to loving 
organism is phosphorus.  There are several physical, chemical and biological 
parameters to be taken into account as an indication of phosphorus pollution level.  
The excess content of phosphorus in receiving waters leads to extensive algae growth 
(eutrophication).  Eutrophication is one of the main problems encountered in 
monitoring the environmental water sources in the industrial countries.  It caused by 
the excess phosphorus concentration in the effluents from municipal or industrial 
plants discharged in the environment (Lenntech, 1998).  The phenomenon of 
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eutrophication usually decreases the water quality and as a result it may increase 
significantly the cost of water treatment at treatment plants for surface water.  The 
load of phosphorus discharged to receiving waters comes from various groups of 
sources of which the main sources are agricultural use of fertilizers, domestic and 
industrial wastewater, and atmospheric deposition.  Eutrophication of waterways 
through delivery of phosphorus from farmland is an increasing problem in many 
countries (Haygarth and Jarvis, 1999).  It has been suggested that it is the leading 
worldwide cause of deaths and diseases and that it accounts for the deaths of more 
than 14000 people daily. (Pink and West, 2006). 
 
 
There are several methods that can be used in order to remove the phosphorus 
from wastewater such as trickling filter, biofilm process, activated sludges process 
and enhanced biological phosphorus removal.  All of this methods have their own 
capabilities, advantages and disadvantages. 
 
 
 
 
1.2 Problem Statement 
 
 
Modernization and industrialization, added by the increase in the world 
population has greatly affected our river system.  Industrial processes coupled by 
various domestic activities often produced discharged that are harmful and toxic to 
the environment.  In a typical wastewater treatment, optimum dosing of the 
appropriate chemicals such as phosphorus may result in water being untreated and in 
the same time enhance pollution in water thus contribute to the poor surface water 
quality.  When phosphorus occurs in nature this can be a serious danger to our health.  
Phosphorus is extremely poisonous and in many cases exposure to it will be fatal.  
Breathing phosphorus for short periods may cause coughing and irritation of the 
throat and lungs.  Breathing phosphorus for long periods may cause a condition 
known as "phossy jaw" which involves poor wound healing of the mouth and 
breakdown of the jaw bone.  Eating or drinking small amounts of phosphorus may 
cause liver, heart, or kidney damage, vomiting, stomach cramps, drowsiness, or death 
(Bowen et al. 1971; Eldad and Simon 1991). 
3 
 
This research is proposed because this method is quite economical because 
we are using microorganism that we get from drain.  It is very easy to get 
microorganism from drain and to growth it into large scale.  The usage of sequencing 
batch reactor with no aeration enables this system to operate with the minimal 
maintenance and because of using microflora, it is easy to maintenance due to its 
biological regeneration, thus this system is sustainable, effective and economical. 
 
 
 
 
1.3 Objective 
 
 
The main objectives of this research are 
• To study the effects of different loading rate on the phosphorus waste water 
treatment. 
• To study the effects of phosphorus to the growth of microflora. 
• To study the amount of suspended solid that will exist during the experiment. 
 
 
 
 
1.4 Research scope 
 
 
The scope of study in this research is to treat phosphorus in waste water using 
appropriate nutrients from mixed culture in drain.  This is done by monitoring the 
mixed culture growth using suspended solid test.  The experiments are without 
aeration but with ambient oxygen.  Each reactor has working volume 5 liter.  The 
efficiency of treatment for different phosphorus concentration was evaluated in terms 
of water quality parameters (COD) and the removal of initial phosphorus 
concentration.  Besides that, the effects of phosphorus concentration on biomass 
growth in terms of suspended solid that exists throughout experiments will also been 
studied. 
 
 
 
 
 
CHAPTER 2 
 
 
 
 
LITERATURE REVIEW 
 
 
 
 
2.1 Introduction 
 
 
Phosphorus is the chemical element that has the symbol P and atomic number 
15. The name comes from the Greek word φώς (meaning "light") and φόρος 
(meaning "bearer"). A multivalent nonmetal of the nitrogen group, phosphorus is 
commonly found in inorganic phosphate rocks. Due to its high reactivity, phosphorus 
is never found as a free element in nature on Earth. One form of phosphorus (white 
phosphorus) emits a faint glow upon exposure to oxygen, hence its Greek derivation, 
Φωσφόρος meaning "light-bearer" (Latin Lucifer), the planet Venus as "Morning 
Star". Phosphorus was first isolated in 1669 by Hennig Brand, a German physician 
and alchemist, by boiling, filtering and otherwise processing as many as 60 buckets 
of urine (Wikipedia, 2008).  
 
 
Phosphorus was recognized as a chemical element at the emergence of the 
atomic theory that gradually occurred in the late part of the 18th century and the 
early 19th century, and was formulated by John Dalton. Phosphorus was first made 
commercially, for the match industry, in the 19th century, by distilling off 
phosphorus vapor from precipitated phosphates heated in a retort. The precipitated 
phosphates were made from ground-up bones that had been de-greased and treated 
with strong acids. This process became obsolete in the late 1890s when the electric 
arc furnace was adapted to reduce phosphate rock (Wikipedia, 2008).
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2.2 Phosphorus 
 
 
 
 
2.2.1 Properties of Phosphorus 
 
 
Phosphorous is a multivalent nonmetal of the nitrogen group.  Phosphorus 
has three main allotropes which is white, red and black.  White phosphorus is 
poisonous and can spontaneously ignite when it comes in contact with air.  Red 
phosphorus is formed by heating white phosphorus to 250°C (482°F) or by exposing 
white phosphorus to sunlight.  Red phosphorus is not poisonous and is not as 
dangerous as white phosphorus, although frictional heating is enough to change it 
back to white phosphorus.  Black phosphorus is also formed by heating white 
phosphorus, but a mercury catalyst and a seed crystal of black phosphorus are 
required.  The chemical properties of phosphorus are given in Table 2.1.  The 
physical properties of phosphorus are given in Table 2.2 (Busch and Marianna, 
1999). 
 
 
Table 2.1: Chemical Properties of Phosphorus 
 
 
 
Table 2.2: Physical Properties of Phosphorus 
Atomic radius 93 pm 
Atomic number 15 
Atomic mass 30.973762(2)g·mol−1 
Oxidation states ± 3, 4, 5 
Van der waals radius 1,04 Å 
Name, Symbol, Phosphorus, P, 
Chemical series Nonmetals 
Appearances Waxy white, black, red, colorless, yellow 
Density (near r.t.) (white) 1.823 g·cm−3 
(red) 2.34 g·cm−3 
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2.2.2 Disadvantages of Phosphorus and effects to the environment 
 
 
There are three allotropic forms of elemental phosphorus which are white, 
red, and black phosphorus.  At room temperature, pure white phosphorus is a 
tetrahedral crystal with a molecular formula of P4.  In the pure form, white 
phosphorus is an ivory-colored, waxy solid.  Phosphorus in its pure form has a white 
color.  White phosphorus is the most dangerous form of phosphorus that is known to 
us.  When white phosphorus occurs in nature this can be a serious danger to our 
health.  White phosphorus is extremely poisonous and in many cases exposure to it 
will be fatal.  In most cases people that died of white phosphorus exposure had been 
accidentally swallowing rat poison.  Before people die from white phosphorus 
exposure they often experience nausea, stomach cramps and drowsiness.  White 
phosphorus can cause skin burns.  Skin contact with burning white phosphorus may 
burn skin or cause liver, heart, and kidney damage.  While burning, white 
phosphorus may cause damage to the liver, the heart or the kidneys (Eldad and Simon, 
1991). 
 
 
Breathing white phosphorus for short periods may cause coughing and 
irritation of the throat and lungs.  Breathing white phosphorus for long periods may 
cause a condition known as "phossy jaw" which involves poor wound healing of the 
mouth and breakdown of the jaw bone.  Eating or drinking small amounts of white 
(black) 2.69 g·cm−3 
Melting point (white) 317.3 K 
(44.2 °C, 111.6 °F) 
Boiling point 550 K 
(277 °C, 531 °F)  
Heat of fusion (white) 0.66 kJ·mol−1 
Heat of vaporization 12.4 kJ·mol−1 
Specific heat capacity (25 °C) (25 °C) (white) 
23.824 J·mol−1·K−1 
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phosphorus may cause liver, heart, or kidney damage, vomiting, stomach cramps, 
drowsiness, or death (Bowen et al. 1971; Eldad and Simon, 1991). 
 
 
This phosphorus will also affect the environment.  In water with low oxygen, 
white phosphorus may react with water to form a compound called phosphine.  
Phosphine is a highly toxic gas and quickly moves from water to air.  Phosphine in 
air is changed to less harmful chemicals in less than a day.  In water, white 
phosphorus builds up slightly in the bodies of fish (Garry et al., 1989). 
 
 
 
 
2.2.3 Level of discharge for Phosphorus 
 
 
 Surface waters contain certain level of phosphorus in various compounds 
which is very important for living organisms.  When the input of phosphorus to 
waters is higher than it can be assimilated by a population of living organism, then 
the problem occurs.  Many countries set 1mg/L and 2mg/L as a limit for total 
phosphorus concentrations in discharges of wastewater treatment plants.  The 
National Institute for Occupational Safety and Health (NIOSH), the Occupational 
Safety and Health Administration (OSHA), and the American Conference of 
Governmental Industrial Hygienists (ACGIH) have all set the inhalation exposure 
limit for white phosphorus in the workplace during an 8-hour workday at 0.1 
milligram of white phosphorus per cubic meter of air (0.1 mg/m³).  For Malaysia, the 
level measurement to discharge phosphorus is 0.2 mg/L which has been set by the 
Department of Environment in national water quality standard in Malaysia. 
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2.3 Phosphorus Removal Method 
 
 
 
 
2.3.1 Activated Sludge Process 
 
 
A common method for the treatment of municipal and plant sewage wastes is 
the activated sludge process in which large numbers of microorganisms are present, 
and in fact necessary to treat the sewage.  Activated Sludge Process is a biological 
treatment process in which a mixture of sewage and activated sludge is agitated and 
aerated.  The activated sludge is subsequently separated from the treated sewage by 
settlement and may be re-used.  Such systems generally comprise a rapid flocculation 
of the materials in the biomass followed by their entrapment and subsequent settling 
and the reduction of the sludge liquor Biological Oxygen Demand (B.O.D.) (Fremont 
and Henry A., 1981).  One condition have been defined as essential for excess 
biological phosphorus uptake and storage which is exposing the activated sludge 
bacteria to influent wastewater in an anaerobic contacting zone, followed by an 
aerobic or anoxic zone (Barnard, 1976; Stensel, 1991). 
 
 
The dynamics of microbial community structure of activated sludges in a 
small-scale domestic wastewater treatment process were examined using a novel 
approach of quinone profiles.  The composition and content of quinones in the 
activated sludges were analyzed monthly over a period of one year.  Activated sludge 
is a process in sewage treatment in which air or oxygen is forced into sewage liquor 
to develop a biological floc which reduces the organic content of the sewage.  In all 
activated sludge plants, once the sewage has received sufficient treatment, excess 
mixed liquor is discharged into settling tanks and the supernatant is run off to 
undergo further treatment before discharge.  Part of the settled material, the sludge, is 
returned to the head of the aeration system to re-seed the new sewage entering the 
tank.  The remaining sludge is further treated prior to disposal.  Activated sludge is 
the biomass produced in raw or settled wastewater (primary effluent) by the growth 
of organisms in aeration tanks in the presence of dissolved oxygen.  The term 
activated comes from the fact that the particles are teeming with bacteria, and 
protozoa.  Activated sludge is different from primary sludge in that the sludge 
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contains many living organisms which can feed on the incoming wastewater 
(Transgalactic Ltd., 2005). 
 
 
The term anaerobic digestion can be define as a naturally occurring 
decomposition of organic material by numerous strains of bacteria working together 
in an oxygen free environment.  The primary products formed during the 
decomposition of the organic material are sugars, organic acids, alcohols, methane, 
carbon dioxide, and hydrogen.  Nutrients are preserved during the anaerobic 
digestion process.  Nitrogen actually becomes more usable by plants during the 
anaerobic digestion process.  Phosphorus and potassium along with other nutrients 
and undigested fiber can be returned to the soil and act as excellent soil amendments 
(Farm Bureau Seminar, February 28, 2007).  In an anaerobic system, there is an 
absence of gaseous oxygen.  In an anaerobic digester, gaseous oxygen is prevented 
from entering the system through physical containment in sealed tanks.  Anaerobes 
access oxygen from sources other than the surrounding air.  The oxygen source for 
these microorganisms can be the organic material itself or alternatively may be 
supplied by inorganic oxides from within the input material.  When the oxygen 
source in an anaerobic system is derived from the organic material itself, then the 
'intermediate' end products are primarily alcohols, aldehydes, and organic acids plus 
carbon dioxide.  In the presence of specialized methanogens, the intermediates are 
converted to the 'final' end products of methane, carbon dioxide with trace levels of 
hydrogen sulfide.  In an anaerobic system the majority of the chemical energy 
contained within the starting material is released by methanogenic bacteria as 
methane.  The phosphorus removal performance of this system was attractive. 
Phosphate release under anaerobic conditions and phosphate uptake under aerobic 
conditions was significant.  This phenomenon was consistent with the conventional 
enhanced biological phosphorus removal (EBPR) processes reported by Mino et al. 
in 1998. 
 
 
 The anaerobic–anoxic–oxic (A2O) activated sludge process has been 
currently modified from the conventional activated sludge process to simultaneously 
remove nutrient such as phosphorus in wastewater which will otherwise be the 
critical nutrient for eutrophication of closed water body.  The anaerobic and anoxic 
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zones of this biological nutrient removal (BNR) process selectively favor the floc-
forming microorganisms as example the phosphate accumulating organisms (PAOs), 
denitrifying organisms (DNOs), and discourage the possible filamentous 
microorganisms; therefore, the anaerobic and anoxic zones are usually termed as 
anaerobic and anoxic selectors, respectively (As example of activated sludges 
process, each aeration basin received identical wastewater which was the effluent 
from a high rate trickling filter.  One of the aeration basins was dosed with aluminum 
sulfate for the purpose of phosphorus removal.  The other aeration basin (control) 
was operated in the conventional manner without alum addition.  Plate counts 
performed on combined chemical-biological sludge and control activated sludge 
revealed that a higher number of viable micro-organisms was contained in the 
chemical-biological sludge, but the magnitude of difference between the two sludges 
was significant depending on the culture medium employed.  Results suggest the 
aluminum flocs formed in the chemical-biological treatment enmesh dispersed 
wastewater micro-organisms, some of which are qualitatively unlike those 
indigenous to natural activated sludge.  The combined chemical-biological sludge 
contained significantly higher numbers of lipolytic, gelatinolytic, and thiosulfate 
oxidizing micro-organisms and, possibly, fewer nitrite oxidizing micro-organisms 
than did control activated sludge.  Alum did not appear to affect flagellated protozoa 
in mixed liquor; however, amoeboid and ciliated protozoa were found less frequently 
in alum dosed than in control mixed liquor. The settled effluent from the combined 
chemical-biological aeration basin generally contained fewer total coliforms, fecal 
coliforms, and fecal streptococci than did counterpart control effluents (Judith et al., 
2003). 
 
 
 
 
2.3.2 Trickling Filter 
 
 
Trickling filters are one of the oldest types of biological filters.  They are still 
the most common type of biological filter for several reasons.  They are reliable, 
simple, effective, rugged and inexpensive when built properly.  There are much 
fancier, complicated and sexy biological filters available for aquaculture but fancy, 
complicated and sexy typically mean more money as in Figure 2.1 and Figure 2.2.  In 
